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(Map from ReefBase) 

- Coral reefs thrive in global tropical regions: >18°C  (35S-35N) 

- Covering less than 1% of the Earth’s surface  
- Providing habitat for 25% of all known marine species  

(35S-35N) 

> 18ºC 

   

Distribution of World’s Coral Reefs 
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Spatial scale of individual reefs: meters to tens of kilometers 

Maldives-atolls 

Great Barrier Reef, Australia 
Florida Keys 

  

Coral Reef Areas as Seen from Space & Air 
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Rose Atoll, American Samoa Johnston Atoll 

Midway Atoll 
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Spatial scale of individual reefs: meters to tens of kilometers 

  

Coral Reefs 
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• Symbiotic relationship between corals and algae may break down under 
certain environmental stresses: host corals expel algae; 

• Bleached colony becomes pale, even stark white, revealing its underlying white 
calcium carbonate skeleton through translucent coral tissue; 

• Severe or long-lasting stress leads to coral death; 
• Bleached corals are susceptible to disease outbreak. 

Coral  
polyps  

Bleaching 

Symbiotic algae 
(Zooxanthallae) 

Dead Corals 

Bleached reef 

Bleached colony 

   

Coral and Coral Bleaching 

Image by Scott R. Santos 
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Healthy Corals Bleached Corals Dead Corals 

• Dramatic long-term ecological and social consequences  
 

• High-temperature induced bleaching has increased in 
frequency & intensity over the past few decades 

  

• A major threat to the world’s coral reefs 

   

Coral Bleaching & Coral Reefs in Crisis 
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March 2013 – present  

NOAA/NESDIS Operational  
Daily Global 5 km Geo-Polar Blended Night-only SST Analysis  

NOAA Coral Reef Watch  

Next-generation Bleaching Thermal Stress Monitoring 
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SST 

Coral Bleaching HotSpot 

Degree Heating Week 

Bleaching Alert Area 

- Global 5 km 
- Updated daily 

NOAA Coral Reef Watch  

Next-generation Bleaching Thermal Stress Monitoring 

Early Warning System 
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Bleaching Alert Area 

Stress Level           Definition                       Potential Bleaching Intensity 
 
No Stress   HotSpot  ≤ 0 No Bleaching  
Bleaching Watch  0 <  HotSpot  < 1  
Bleaching Warning  1 ≤  HotSpot and 0 < DHW < 4  Possible Bleaching  
Bleaching Alert Level 1  1 ≤  HotSpot and 4 ≤ DHW < 8  Bleaching Likely  
Bleaching Alert Level 2  1 ≤  HotSpot and 8 ≤ DHW  Mortality Likely 

NOAA Coral Reef Watch  

Satellite Bleaching Thermal Stress Monitoring 
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Bleaching Alert Area 

NOAA Coral Reef Watch  

Satellite Bleaching Thermal Stress Monitoring 

10 

• The only global warning system for coral reef management 
• Providing service since 1997: 

 1997-present: Based on NESDIS 50-km heritage MUT SST 
 2013-present: Based on NESDIS 5-km Geo-Polar Blended SST 
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NOAA Coral Reef Watch  

Model-Based Four-Month Outlook 
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• The only global near-term outlook for coral reef management  
• Providing service since 2008 

 Using NCEI 0.25° daily OISST   
 Using NESDIS 5-km daily Geo-polar Blended SST 
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Ongoing Third Global Coral Bleaching Event 

Photo courtesy of  

XL Catlin Seaview Survey 
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Maximum Composite of Bleaching Alert Area: 2014-present   

Ongoing Third Global Coral Bleaching Event 

• Started mid-2014 
• Spread across all three ocean basins 
• Affected most major coral reefs 
• Affected all U.S. reefs 
• Record-level/worst bleaching on many major reefs (GBR, Kiritimati, 

Jarvis Island) 
• Tied to “Warm Blob”, El Niño, and climate-driven increases in ocean 

temperature 
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• Started mid-2014 
• Spread across all three ocean basins 
• Affected most major coral reefs 
• Affected all U.S. reefs 
• Record-level/worst bleaching on many  
 major reefs (GBR, Kiritimati, Jarvis Island) 

• Tied to “Warm Blob”, El Niño, and climate-driven increases in ocean 
temperature 

Ongoing Third Global Coral Bleaching Event 

Maximum Composite of Bleaching Alert Area: 2014-present   
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Ongoing Third Global Coral Bleaching Event 

Animation  
Maximum Monthly Bleaching Alert Area: 2014-present   
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Ongoing Third Global Coral Bleaching Event 

Animation  
Maximum Monthly Bleaching Alert Area: 2014-present   
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Ongoing Third Global Coral Bleaching Event 

Animation  
Maximum Monthly Bleaching Alert Area: 2014-present   
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Maximum Composite of Bleaching Alert Area: 2014-present   

Ongoing Third Global Coral Bleaching Event 

• Started mid-2014 
• Spread across all three ocean basins 
• Affected most major coral reefs 
• Affected all U.S. reefs 
• Record-level/worst bleaching on many major reefs (GBR, Kiritimati, Jarvis 

Island) 
• Tied to “Warm Blob”, El Niño, and climate-driven increases in ocean 

temperature 
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Maximum Composite of Bleaching Alert Area: 2014-present   

Ongoing Third Global Coral Bleaching Event 

• Started Guam and CNMI in mid-2014  
• Spread across all three ocean basins 
• The third global bleaching event declared by NOAA in October 2015 
• Affected most major coral reefs 
• Affected all U.S. reefs 
• Record-level/worst bleaching on many major reefs (GBR, Kiritimati, Jarvis Island) 

• Tied to “Warm Blob”, El Niño, and climate-driven increases in ocean 
temperature 
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 Before, during, and after bleaching at Airport Reef, Tutuila, American Samoa 
(image courtesy of R. Vevers, XL Catlin Seaview Survey) 
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• SST reprocessing for developing climatology  
• Current 5-km climatology based on Pathfinder 4-km SST v5.2 
• Transitioning to reprocessed 5-km geo-polar blended SST 

(back to 2002) 
• Products based on 25-km dOISST produced in parallel for 

validation/quality assessment  
 

• Blending microwave, in-situ data into SST analysis 
• Persistent cloudy areas  
 

• SST analysis (L4) at finer spatial resolution (≤1 km) 
• Spatial scale of individual reefs: meters to tens of kilometers 
• Great spatial SST gradients in reef areas 

 

• SST tuned for coastal region 
 

• Accurate high-resolution land mask for reef areas 

NOAA Coral Reef Watch  

Future Product Improvements/Requirements 
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NOAA Coral Reef Watch  

End-to-End Service 

• Management decision support system 
• Workshops (user training and product application) 

• User product requests/feedback 
• In-situ temperature measurements 
• Bleaching observations 

Users 
Coral Reef Managers 

Scientists 
Public 

SST  
data  

providers 

 

Coral Reef Watch 
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- CRW operates a near-real-time Decision Support System 
(DSS) for coral reef management   

- U.S. and global coral reef communities 
 

- CRW develops new products to address ever-growing coral 
reef management needs in a changing climate 

- Applying advances in satellite technology, climate modeling, 
and coral research 
 

- CRW continues to work with reef managers directly 
throughout product development, validation and improvement, 
based on management needs 

NOAA Coral Reef Watch  

Summary 

http://coralreefwatch.noaa.gov 
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Coral Reef Watch: a NOAA/NESDIS program, funded predominantly by 
the NOAA Coral Reef Conservation Program (CRCP) and supported by 
Global Science and Technology, Inc. 
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 Photos by Anthony R. Picciolo (left) and Heidi Schuttenberg (right) 

* One of the most diverse ecosystems on the earth  
* One billion people rely on reef fish for food globally 

Culture, fisheries, tourism, biomaterials, 
coastal protection (erosion/storm/flooding) 

   

Importance of Coral Reefs 
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Value of Reefs: $375 billion ($100,000-600,000/km2) 

-- $17 billion in U.S. tourism  
-- 45 million tourist visits to U.S. reefs  
-- $246 million in commercial fishing on U.S. reef fish 
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1997-1999: Unprecedented Global Mass Bleaching Event  
               (during a strong ENSO event) 

A large El Niño event, immediately switching over to a strong La 
Niña   
 

Globally the most extensive bleaching event in the modern record 
for most of the affected regions  
 

NOAA Coral Reef Watch  

Major Bleaching Events 

16% of the world ’ s 
reefs were destroyed 
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DHW (Mar 29, 2002) HotSpots (Feb 11, 2002) 

NOAA Coral Reef Watch  

Major Bleaching Events 

2002: Great Barrier Reef, Australia (Unprecedented) 
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DHW (Oct 5, 2002) 

HotSpots  
(Sept 2, 2002) 

NOAA Coral Reef Watch  

Major Bleaching Events 

2002: Northwestern Hawaiian Islands 
(Unprecedented) 
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NOAA Coral Reef Watch  

Major Bleaching Events 

Coral Reef Watch’s 2005 Annual Maximum HotSpot and Degree Heating Weeks 

2005: Caribbean (unprecedented) 
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ABC News, CBS News, NBC News, MSNBC, CNN News, USA today,  
National Geographic, Newsweek, Washington Post … 

Degree Heating Weeks Chart 

Photo provided by NOAA 

Buck Island Reef National Monument  
St. Croix, Virgin Islands 

Oct. 2005 

NOAA Coral Reef Watch  

Major Bleaching Events 

2005: Caribbean (unprecedented) 
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NOAA Coral Reef Watch  

Major Bleaching Events 

2010 Mass Coral Bleaching in Southeast Asia and the Caribbean 

Coral Reef Watch’s 2010 Annual Maximum HotSpot and Degree Heating Weeks 
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2010 

2010 
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(Based on historical Pathfinder SST and CRW near-real-time SST) 
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NOAA Coral Reef Watch  

Change in Bleaching Thermal Stress in the Caribbean 

1985-2010 Annual Maximum Degree Heating Weeks  

2010 2005 1998 

1995 1987 1985 
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